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SPEEDS O F  A LEADING-EDGE SLAT OM A 

MODIFIED-DOUBLE-WEDGE WING 

By Richard G. MacLeod 

SUMMARY 

An investigation w a s  made in the Langley  high-speed 7- by 10-foot 
tunnel  to  determine  the  incremental maximum lift coefficient  obtainable 
.on a 6.3-percent-thick modlified-double-wedge wing having a taper r a t i o  
of 0.63 and an  aspect  ratio o f  2.5 by def lect ing a leading-edge slat  40°. 
The investigation was m@.through the transonic speed range by t e s t ing  
in  the  Qigh-velocity f ield oyer a reflection  plane on the side wall of  
the  tunnel. The Reynolds number of the t e s t a  was approximately 1 x lo6. 

The resul ts   of   the   invest igat ion  indicated that the  m a x i m u m  l i f t  
coeff ic ient  was increased approximately 50 percent  over that of  the  plain 
wing a t  a"ach number o f  0..6 by  the  deflection  of the slat, but the 
increase  obtained  almost  disappeared as a Mach number of 1.00 was reached. 

INTRODUCTION 

The maximum-lift capabi l i t i es  of a i r c r a f t  wings. a t  high speeds a re  
becomhg of greater importance as the  speeds and a l t i t udes  flown by 
modern aircraf t   cont inue to increase. High-speed, high-alt i tude aircraft 
are being flown at-rather high lift coeff ic ients  and may reach  or  exceed 
the angle of   a t tack  for  maximum l i f t  of the a i r c r a f t  in maneuvers. High- 
lift devices have substantially  increased the maximmu lift obtainable a t  
low speeds. The twofold purpose of this investigation was t o  determine 
the   f eas ib i l i t y  of attaching a simple  leading-edge slat designed f o r  
operation on a two-dimensional wing (reference 1) t o  a lox-aspect-ratio 
wing and t o  determine whether the  high lift increment  obtainable a t  low 
Mach numbers  by the  addition of t h i s  slat was maintained  through  the. 
transonic speed range. 
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COEFFICIENTS AND SYMBOLS 

m e  forces  and moments.measured on t h e  wing are  presented  about  the 
wind axes, which, for   the  condi t ions  of- these  tes ts . (zero Yaw), c o n e -  
spend t o   . t h e   s t a b i l i t y  a x e s .  - The axes meet a t  t h e   i n m s e c t i o n  of the 
chard plane and the  50-percent-station  ofthe root--chord o e t h e  model . . .  

( f ig s .  1 and ?) 

" 

.- - 
. . . . . .  . . .  - . . .  . .  

The synibols used  in  the  presentation  of  the  results  are as follows: 

l i f t - -caef f ic ien t  (Twice l i f t  of semispan model/qS) 

drag  coefficient-.  (Tyke  drag. of semispan model/qS) 

. . .  pitching-moment coefficient 
(Twice pitching moment of semispan model/qE) . 

effective  over span  of model, pounds per 
square  foot 

twice wlng area of semispan model, 0.183 square  foot I 

twice  span..of  semispn model, 0.675 foot 

mean aerodynamic ch0r.d of.wing, 0.276 foot based on. relation- 

2sob/2 c2 d y  
. .  

- 

ship s 

l oca l  wing chord, f e e t  

spanwise distance from glane of .synhhetry, feet 

mss density  af air, slugs per cubic  foot 

free-stream air velocity, feet per second 

effect ive Mach number over spsn of model 

Reyriolds number -of wing based on c 

angle  of-.attack,  degrees  referred t o  wing-root-chord l ine  

- 

Subscript:" 

max m a x i m u m  . -   . .  

. . . .  

. 
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The investigation was conducted in  the Langley  high-speed 7- by 
10-foot  tunnel. The two models used in the investigation  both had the  
same plan-form  dimensio.ns: taper r a t i o  0.63, aspect r a t i o  2.5, and a 
6.3-percent-thick Modified-double-wedge section (fQ. 2) . !he wing with 
the 24-percent-chordJ f u l l - s e ,  leading-edge slat  was.stee1 and the  
plain wing was alupinum. ~ h e s e  models were mounted on a ref lect ion-  
plane  plate  located 3 inches from the tunnel wall €n order  to bypass the  
wall boundary layer  (reference 2 ) .  The aerodynamic forces 'md moments 
on the model were measured about  the  0.50-root-chord  p6sition  with an 
electrical  strain-gage  balance which was sealed i n  a container on the 
tunnel side w a l l  in  order  to  prevent air flow  around the model from the 
outside test chamber to the test section. A sponge-rubber seal was 
f i t ted to  the  reflection  plane a t  the model plane of symmetry t o  rnFni- 
mize air-flow  circulation that might  develop  through  the small gap  which 
separated  the model from the  reflection  plane.  

At Mach numbers below 0.93 there was prac t ica l ly  no veloci ty  gradi -  
en t   in   the   v ic in i ty  of the  reflection  plane.  A t  higher Mach numbers, 

velocity field which allowed t e s t ing  small models up t o  M = 1.10 before 
choking  occurred in the  tunnel. The aerodynamic charac te r i s t ics  were 

angle-of-attack  range between -10' and 50'. . The var ia t ion of test  
Reynolds number w i t h  Mach  number for-average  test   conditions is  presented 
i n  figure 3. 

5 however, the presence o f  the reflection  plaqe created a high-local- 

- determFned through a Mach  number range from 0.60 t o  1.10 and through an 

COFW?,CTIONS 

No jet-boundary,  blocking, o r  buoyancy corrections have  been applied 
t o   t h e  data because o f  the small s i ze  of the model as  commred with  the 
s ize  o f  the  tunnel test section. No corrections have been applied to the 
data  to  account  for-the small misalinement of the air stream. The Struc- 
tu ra l   def lec t ion  of t h e   s t e e l  and aluminum models w a s  considered to be 
small and was neglected. 

D ISCUSS ION 

Figure 4 presents  the aerodynamic character is t ics   of   the  test  model 

with  the  leadlng-edge slat deflected 40°. The 40" slat-deflection  angle 
was chosen  because it appeared to   o f f e r   t he  best maximum-lift poss ib i l i t i e s  

P throughout  the.,an@e-of-attack  .range  for  .both the plain wing and  the wing 

- 



for  this configuration- as  seen from some low-speed tm-dimensional data 
(reference l), even  though it w a s  realized that two-dimensional data 
would not-be direct ly   appl icable . . to   this  model. 

. .  * 

The l i f t  curves  -(fig.  &(a)) ameared30 be qui te   errat ic   with  the 
s la t   def lected,   par t fculsr ly   &the low Mach  number range. A considerable - 

decrease i n  the lifY7awve slope was observed up t o -  a-Mach  number.ofl..OO 
when the slat-was deflected. The  mkximum lifi increase w i t h  s la t -def lec-  
t ion was obtained. by extending  the stall  angle which increases  with 
increasing Mach.  number. up t o  a value of approximately 0.95. It may be 
noted here that-even a t  the highest Mach  number t-ested.(l.lO)  the slat- 
still increases  the- .ski1 angle much the same manner 8s at .  low speeds 
although  there i s  v e r y   l i t t l e  gain i n - m a x i m  lift:. Because of-the double . 

break in the lift curve  peculiar  to. this t y p i - o f ~ i n g ,   t h e   a n g l e  of at-bck 
for  meximum lift is  very  errat ic   for   the  plain wing as the Mach  number is 
increased. 

" 

: " 

- 

. -. . . . - 
.. - 

. .  

. .  . .  

. . .  

The drag and pitching-monient-curves, f igures 4(b) and.  4(c), show 
apKoximately  the  trends  expected when the slatwas deflected. The 
minimum drag  obtsinable  with  the slat deflected was considerably  higher 
than that for  the  plain wing. A diving moment was incurred,  throughout 
the posit ive lift range, when the slat was deflected, and th i s   e f f ec t  
generally_increased with increasing Mach number. up - to  1.00. Since  the 
successive  test-paints were recorded at an increasing  angle  of-attack 
only, it -is felt  that a hysteresis  effect.nright -be present-in "the 
pitching-moment  curves . (reference 3) . 

- " L  

. .  
. .  

. -. 

= .  

The Variation  opthe misxlmum lift coeff ic ient .with Mach number is  
presented  in.f"igure 5 .  The m a x i m u m  l i f t  coefficient.  o f  the  plain wing 
was considered t o   b e t h e  m a x i m u m  lift coefficient that occurred below 
24' angle of a t tack.  The reason f o r  t h i s  was that the pitching-moment 
curve had a sharp discontinuity  rendering  the.  higher l i f t   c o e f f i c i e n t s  
unusable for this  configuration. The  maximum lift coeff ic ient   for  the 
wing with the s1at"sflected was the maximum l i f t  coefficient.-'obtained. 
From th i s   f igure  .it-may be seen that, even  though a large  increase  in  the 
max i~~um lift was obtainable in  the low speed  range  (approximately 50 per- 
cent) ,   the  gain  effected by the leadingedge slat %t& decreases con- 
siderably  as  the Mach  number is fncreased above 0.90. These r e su l t s   a r e  
in agreement with  those of reference 4, which indicates that although 
appreciable  variation in the  value of C h  may be possible ftt low 
speed, l i t t l e  o r  no increase  in  the  value of C h  appears  possible at 
speeds greater  than  the speed of sound. 

. .. 

- .. 

" . - 

. .  

" 
.. . 
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CONCLUSION 

A wFnd-tunnel fnvestTgation a t  transonic speedis of a  leading-edge 
slat deflected bo on a modified-double-wedge wing indicated  that ,  
although  the slat tested  increased  the maximum l f f t   c o e f f i c i e n t  approxi- 
mately 50 percent a t  low Mach numbers, it had only-a small ef fec t  on 
maximum lift coefficient above a Mach  number of  0.90. 

Langley Aeronautical  Laboratory 
National  Advisory Commitbe for  Aeronautics , 

-ley Field, Va.  
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Figure 1.- Systems af axe's. Positive  directions o f  forces, rnomente, 
and angles are indicated by arrcds. . -  
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Figure 2. - Gemtric c 
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Figure 3.- The variation of Reynolds number with Mach number for the 

t e s t  model. 
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Figure 4.- The aerodynamic characteristics of the test model. 
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(b) Drag cha;ractmietics. 
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Figure 5.- The effect of a leading-edge slat on the maximum lift 
coefficient of the test model. 
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